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8QLYHUVLW\ RI =DJUHE )DFXOW\ RI 0HFKDQLFDO (QJLQHHULQJ DQG 1DYDO $UFKLWHFWXUH
=DJUHE&URDWLDLYLFDDQFLF#IVEKU





7KH LQWURGXFWLRQ RI WKH (QHUJ\ (IILFLHQF\ 'HVLJQ ,QGH[ ((', E\ WKH ,QWHUQDWLRQDO 0DULWLPH
2UJDQL]DWLRQ,02FDXVHGDQXSVXUJH LQDFWLYLWLHVIRULQFUHDVLQJWKHHQHUJ\HIILFLHQF\DQGUHGXFLQJ





((', EXW WKHLU SHUIRUPDQFH JUHDWO\ YDULHV LQ WKH UHDO RSHUDWLQJ FRQGLWLRQV ,Q WKLV VWXG\ D PRUH
UHDOLVWLF GHILQLWLRQ RI WKH ((', LV SURSRVHG ZKLFK LV EDVHG RQ D QXPEHU RI UHSUHVHQWDWLYH YHVVHO
RSHUDWLQJSRLQWV7KHDSSOLFDWLRQRIWKHSURSRVHGDSSURDFKIRUWKHFDVHRIEXONFDUULHUVLVLQYHVWLJDWHG
DQGWKHUHVXOWVDUHGLVFXVVHGLQRUGHUWRUHYHDO LWVDGYDQWDJHVDJDLQVW WKHFXUUHQWO\XVHG DSSURDFK
















































































WKH DYHUDJH VKLS HQHUJ\ HIILFLHQF\ RI FXUUHQW IOHHW ZKLOVW WKH UHGXFWLRQ IDFWRU VKRXOG UHSUHVHQW D




RI0(3&D WR LPSURYH WKHHQHUJ\HIILFLHQF\ IRUVKLSV WKURXJKDVHWRI WHFKQLFDOSHUIRUPDQFH
VWDQGDUGVZKLFKZRXOGUHVXOWLQUHGXFWLRQRIHPLVVLRQVRIDQ\VXEVWDQFHVWKDWRULJLQDWHIURPIXHODQG
LWV FRPEXVWLRQ SURFHVV LQFOXGLQJ WKRVH DOUHDG\ FRQWUROOHG E\ $QQH[ 9, 7KHVH SROLFLHV DV ZHOO DV
SROLFLHV DLPLQJ WR LPSURYH WKH LPSOHPHQWDWLRQ RI HQHUJ\ HIILFLHQF\ LQ VKLSSLQJ QHHG WR EH FDUHIXOO\
FRQVLGHUHGLQRUGHUWRHQVXUHHQHUJ\HIILFLHQF\LPSURYHPHQWVZKLOVWDYRLGLQJXQQHFHVVDU\EXUGHQRQ
WKH VKLSSLQJ LQGXVWU\ ZLWK LQHIIHFWLYH UHJXODWLRQ WKURXJK WHFKQLFDO RSHUDWLRQDO RU PDUNHWEDVHG
PHDVXUHV DV SRLQWHG RXW E\ 5HKPDWXOOD DQG 6PLWK  7KLV LV SDUWLFXODUO\ SURQRXQFHG LQ WKH
GHILQLWLRQ RI WKH UHGXFWLRQ IDFWRU DV WKRURXJKO\ DQG
FRQFOXGHGWKDWWKHUHGXFWLRQIDFWRUVHHPVWREHULJLGO\VHWDQGLVOLNHO\WREHHLWKHUWRROHQLHQWRUWRR
VWULFWIRUWKHQHZVKLSVDQGSURSRVHGDQDOWHUQDWLYHUHTXLUHPHQWWKDWZRXOGDOORZIRUDIHHGEDFNIURP
WKH PDUNHW DQG WKDW LV PRUH OLNHO\ WR VWLPXODWH WKH LPSURYHPHQWV LQ HQHUJ\ HIILFLHQF\ DQG WKH &2
















































































EXW DOVR RWKHU KDUPIXO VXEVWDQFHV HPLVVLRQ 'HGHV HW DO  LQYHVWLJDWHG SRVVLELOLWLHV RI
LPSOHPHQWLQJHQHUJ\VWRUDJHGHYLFHVRQERDUGEXONFDUULHUV7KH\IRXQGWKDWD3RZHU7DNH2II3RZHU
7DNH,Q 37237,V\VWHPZLWKEDWWHULHVFRXOGVDYH IXHODQG UHGXFHKDUPIXOVXEVWDQFHVHPLVVLRQV
HVSHFLDOO\ IRU 3DQDPD[ DQG +DQG\VL]HEXON FDUULHUV ,W LV HYHQ SURYHG WR EH HFRQRPLFDOO\ IHDVLEOH




RI D WZLVWHG UXGGHU RQ D FRQWDLQHU VKLS SURYLGHG JUHDWHU SHUIRUPDQFH GULYHQ E\ LQFUHDVHG KXOO







OHDGLQJ IURP +)2 WR OLTXHILHG QDWXUDO JDV /1* DQG WKHQ WR ELRJDV %RWK SDWKZD\V OHDG WR WKH
UHGXFWLRQRIWKH&2HPLVVLRQEXWDGHWDLOHGOLIHF\FOHDQDO\VLVRIDURURSDVVHQJHUVKLSHQJDJHGLQ


































































7KLV HPSKDVL]HV WKH LPSRUWDQFH RI D GHWDLOHG DQDO\VLV LQ RUGHU WR DFFXUDWHO\ HVWLPDWH WKH
HQYLURQPHQWDOLPSDFWRIDVKLSZKLFKLVHVSHFLDOO\LPSRUWDQWIRUVKLSVHPSOR\HGLQVKRUWVHDVKLSSLQJ
7KH SROOXWLRQ RULJLQDWHG IURP WKHVH VKLSV LV HVSHFLDOO\ SHUQLFLRXV IRU SXEOLF KHDOWK VLQFH LW RFFXUV
PRVWO\ LQ DQG QHDU SRUWV DQG KLJKO\ SRSXODWHG DUHDV DV KLJKOLJKWHG E\ 5XQNR /XWWHQEHUJHU HW DO
,QWKDWVHQVHWKHXVHRI/1*RIIHUVVLJQLILFDQWDGYDQWDJHVDVLWUHGXFHVWKHHPLVVLRQRIORFDO
SROOXWDQWVVXEVWDQWLDOO\EHORZDOOFXUUHQWDQGSURSRVHGHPLVVLRQVVWDQGDUGVIRUPDULQHGLHVHOHQJLQHV
DQG GRHV QRW LQFUHDVH 12; HPLVVLRQV /LYDQRV HW DO  7KRPVRQ HW DO  $ VWXG\ RQ WKH
LPSOHPHQWDWLRQ RI UHQHZDEOH SRZHU VRXUFHV RQ URUR SDVVHQJHU YHVVHOV UHYHDOHG WKDW WKH\ KDYH
VLJQLILFDQWLPSDFWRQWKH&2HPLVVLRQVEXWUDWKHUQHJOLJLEOHLPSDFWRQWKH((',$QFLFHWDO
$SDUW IURP WHFKQLFDO DQG RSHUDWLRQDO PHDVXUHV WKHUH KDV EHHQ D GLVFXVVLRQ DERXW PDUNHWEDVHG
PHDVXUHV0%0$ IHDVLELOLW\VWXG\DQG LPSDFWDVVHVVPHQWRI LQWURGXFLQJ0%0VRQDJOREDOVFDOH
KDVEHHQSHUIRUPHGE\0(3&$VLPLODUVWXG\E\0LRODHWDOZDVIRFXVHGRQWKH(8
UHJLRQ %RWK VWXGLHV FRQFOXGHG WKDW WKH 0%0V KDYH D VLJQLILFDQW DEDWHPHQW SRWHQWLDO HYHQ WKRXJK
WKHUH DUH DOVR VLJQLILFDQW EDUULHUV DQG FKDOOHQJHV ZKLFK DUH PRUH SURQRXQFHG LQ FDVHV WKH\ DUH
LPSOHPHQWHGRQDUHJLRQDOEDVLV
(NDQHP $WWDK DQG %XFNQDOO  LQYHVWLJDWHG WKH LPSDFW RI WKH ((', RQ /1* FDUULHUV DQG
FRQFOXGHG WKDW WKHFXUUHQW((', UHIHUHQFHEDVHOLQH LV LQVXIILFLHQW WRVWLPXODWH LPSURYHPHQWV LQ WKHLU
HQHUJ\HIILFLHQF\DVWKHUHFHQWO\SURSRVHGVKLSGHVLJQVZLWKGXDOIXHO')HQJLQHVDOUHDG\VDWLVI\WKH
((',UHJXODWLRQVUHTXLUHPHQWV+RZHYHUZKHQFRQVLGHULQJWKHPHWKDQHVOLSWKH\FRQFOXGHGWKDWWKH
*+* HPLVVLRQV FRXOG SRWHQWLDOO\ LQFUHDVH E\ XS WR  +HQFH D PRGLILFDWLRQ RI WKH ((',
IRUPXODWLRQLVUHTXLUHGZKLFKZDVSDUWO\UHFRJQLVHGE\0(3&0(3&
:LWKWKHLQWURGXFWLRQRIWKH((',UHTXLUHPHQWVWKHUHYLHZRIWKHVWDWXVRIWHFKQRORJLFDOGHYHORSPHQWV
ZDV DOVR SODQQHG DLPLQJ WR DVVHVV WKH LQIOXHQFH RI QHZ WHFKQRORJLHV RQ WKH ((', ,I SURYHQ














































































7KHUHDUH WKUHHPDLQ FKDOOHQJHV LQ WKH((',GHILQLWLRQ WKH ILUVW RQH LV WRHYDOXDWH WKHVKLSHQHUJ\
HIILFLHQF\ WKH VHFRQG LV WR FRPSDUH GLIIHUHQW VKLSV LQ RUGHU WR UDWH WKHLU HQHUJ\ HIILFLHQF\
SHUIRUPDQFHDQGWKHWKLUGLVWRVHWWKHEHQFKPDUNWKDWHYHU\QHZVKLSKDVWRFRPSO\ZLWK
7KH ILUVW FKDOOHQJH LV DGGUHVVHG LQ VHFWLRQ  WKURXJK WKH DQDO\VLV RI WKH FXUUHQW DSSURDFK IRU
DVVHVVLQJ WKH VKLS HQHUJ\ HIILFLHQF\ SHUIRUPDQFH E\ XVLQJ WKH $WWDLQHG ((', %DVHG RQ WKH
FRQFOXVLRQVIURPWKLVDQDO\VLVDQHZPHWKRGRORJ\IRUWKH$WWDLQHG((',FDOFXODWLRQLVSURSRVHGWKDW
HQVXUHVDFRUUHFWHGDQGPRUHUHDOLVWLFDVVHVVPHQWRIWKHVKLSHQHUJ\HIILFLHQF\
7KH VHFRQG FKDOOHQJH LV DGGUHVVHG LQ VHFWLRQ  WKURXJK DQDO\VLQJ WKH FXUUHQW DSSURDFK XVHG WR
GHILQH WKH 5HTXLUHG ((', 7KLV DSSURDFK DOVR WDFNOHV ZLWK VSHFLDO HPSKDVLV WKH FRQVHTXHQFHV RI
GHILQLQJWKH((',UHIHUHQFHOLQHYDOXHVROHO\E\XVLQJWKHVKLSFDSDFLW\$QHZDSSURDFKWKDWGHILQHV
WKH ((', UHIHUHQFH VXUIDFH EDVHG RQ WKH VKLS FDSDFLW\ DQG GHVLJQ VSHHG LV SURSRVHG 7KH
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ORDG YHVVHO FDSDFLW\ DQG FDOP VHD ZLWK QR ZLQG DQG ZDYHV $ PRUH DSSURSULDWH PHDVXUH
FRUUHVSRQGLQJ WR WKH HQHUJ\ HIILFLHQF\ RI D VKLS LQ RSHUDWLRQ LV WKH (QHUJ\ (IILFLHQF\ 2SHUDWLRQDO
,QGLFDWRU ((2, +RZHYHU LW PXVW EH QRWHG WKDW DV VKLSV DUH GHVLJQHG IRU RSHUDWLRQ WKH GHVLJQ
FRQGLWLRQV LQZKLFK WKH((', LVFDOFXODWHGVKRXOGFRUUHVSRQGWR RUDW OHDVWDSSUR[LPDWH WKHYHVVHO
DFWXDORSHUDWLQJFRQGLWLRQV$QDSSURDFK IRUFRPSDULQJ WKH OLIHF\FOHSHUIRUPDQFHDQGHPLVVLRQVRI






SURSXOVLRQ RU DX[LOLDU\ HQJLQHV 7KH 12[ HPLVVLRQV DUH PHDVXUHG DW HDFK RSHUDWLQJ SRLQW DQG
ZHLJKWLQJIDFWRUVDUHXVHGWRREWDLQWKHDYHUDJH12[HPLVVLRQZKLFKVXEVHTXHQWO\QHHGVWRFRPSO\
ZLWKWKHOLPLWVVHWDFFRUGLQJWR7LHU,,RU,,,
7KH FXUUHQW DSSURDFK IRU FDOFXODWLQJ WKH $WWDLQHG ((', FRXOG DOVR EH IRUPXODWHG LQ WKH VDPH ZD\
FRQVLGHULQJ WKH ZHLJKWLQJ IDFWRU IRU WKHRSHUDWLQJSRLQW RI  0&5 HTXDO WR ZKHUHDV IRUHYHU\




































































SKDVH PXVW EH DFNQRZOHGJHG DV LW LV LPSRVVLEOH WR SUHGLFW HDFK FRQGLWLRQ ZKLFK WKH VKLS PLJKW
HQFRXQWHULQKHUOLIHWLPH
$FFRUGLQJWR%DQNVHWDOEXONFDUULHUVLQDYHUDJHLQVSHQWRI WKHLURSHUDWLRQDOWLPH
VDLOLQJ ORDGHGVDLOLQJLQEDOODVWFRQGLWLRQDQGLQSRUW ,W LVDOVRYHU\ LQWHUHVWLQJWRREVHUYH
WKH VSHHG SURILOH RI EXON FDUULHUV LQ ODGHQ DQG EDOODVW FRQGLWLRQV )RU ODGHQ YR\DJHV WKHLU DYHUDJH
VSHHGZDVDURXQGNQRWVLQDQGDURXQGNQRWVLQ)RUEDOODVWYR\DJHVWKHUHVSHFWLYH
DYHUDJH VSHHG YDOXHV ZHUH D ELW KLJKHU DURXQG  NQRWV LQ  DQG  NQRWV LQ  7KH
YDOXHV REVHUYHG LQ  URXJKO\ FRUUHVSRQG WR  RI 0&5 ERWK LQ IXOO\ ORDGHG DQG LQ EDOODVW
FRQGLWLRQV DV SUHVFULEHGE\ 0(3&  LQ WKH ((', FDOFXODWLRQ 'XH WR WKH PDUNHW VLWXDWLRQ WKH
YROXQWDU\VORZVWHDPLQJZDVLQWURGXFHGDQGDVDUHVXOW ORZHUVSHHGVZHUHXVHGLQ%XWPXFK
PRUH LQWHUHVWLQJ LQ WKLV DQDO\VLV LV WR REVHUYH WKH HQWLUH VSHHG SURILOH UDWKHU WKDQ DYHUDJH VSHHGV
RQO\ 7KH DQDO\VLV RI PHDVXUHG GDWD UHSRUWHG E\ %DQNV HW DO  UHYHDOV WKDW WKH LQYHVWLJDWHG
VKLSVVSHQWURXJKO\RIWKHLURSHUDWLRQVDLOLQJDWVSHHGVZKLFKFRUUHVSRQGWRHQJLQHORDGDURXQG
RI0&5LHEHWZHHQDQGNQRWV,QDGGLWLRQWKH\VDLOHGDURXQGRIWKHLURSHUDWLRQ
DWVSHHGVRINQRWVDQGKLJKHU FRUUHVSRQGLQJ WRHQJLQH ORDGRI0&5 WKH\VSHQWDURXQG






%\ REVHUYLQJ WKH GDWD SUHVHQWHG LQ 7DEOH  VHYHUDO FRQFOXVLRQV FDQ EH GUDZQ )LUVW WKH PDUNHW
VLWXDWLRQ KDV D KLJK LPSDFW RQ WKH RSHUDWLRQDO SURILOH RI VKLSV 6HFRQG WKH ZHLJKWLQJ IDFWRUV
SUHVFULEHGE\0(3& LQ WKH12[ WHFKQLFDOFRGH(F\FOHURXJKO\FRUUHVSRQGWR WKHREVHUYHG
RSHUDWLQJSURILOHIRU7KLUG WKHDSSURDFKXVHGIRU WKH((',FDOFXODWLRQGRHVQRWFRUUHVSRQGWR
DQ\RSHUDWLRQDOSURILOHQRWHYHQVOLJKWO\%DVHGRQWKHSUHFHGLQJDQDO\VLVLWLVFRQFOXGHGWKDWWKHVKLS








































































WLPH  OI 6LQFHWKH((',LVFXUUHQWO\GHILQHGLQWRQVRI&2SHUWRQDQGQDXWLFDOPLOHRIFDUJR
WUDQVSRUWHG LW LV QRW SRVVLEOH WR FDOFXODWH LW FRQVLGHULQJ WKH VKLS VDLOLQJ LQ EDOODVW RU WKH VKLS SRUW
RSHUDWLRQ7KHUHIRUHLW LVSURSRVHGLQWKLVZRUNWRFDOFXODWHWKH$WWDLQHG((',IRUDVKLSDVWKH&2
HPLVVLRQLQJ&2SHUKRXUZKLFKZRXOGFRUUHVSRQGWRVKLSVSHHGDQGFDSDFLW\,IFRUUHFWLRQIDFWRUV
DQG LQQRYDWLYH WHFKQRORJLHV DUH RPLWWHG WKH IRUPXOD IRU FDOFXODWLQJ WKH $WWDLQHG ((', IRU HDFK
RSHUDWLQJFRQGLWLRQ\LHOGV
   
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ZKHUH [ FRUUHVSRQGV WR GLIIHUHQW PDLQ HQJLQH ORDGV \ FRUUHVSRQGV WR GLIIHUHQW VKLS RSHUDWLQJ
FRQGLWLRQV ZKLOVW 0( GHQRWHV PDLQ HQJLQHV DQG $( DX[LOLDU\ HQJLQHV &2 UHSUHVHQWV &2
HPLVVLRQVRIVKLSHQJLQHVJ&2KDVUHSRUWHGLQWKH12[WHFKQLFDOFRGH$OWHUQDWLYHO\LIGDWDLVQRW
DYDLODEOH WKH &2 HPLVVLRQ FDQ EH FDOFXODWHG EDVHG RQ WKH HQJLQH SRZHU 3 N: VSHFLILF IXHO
FRQVXPSWLRQ6)&JIXHON:KDQGWKHFRQYHUVLRQIDFWRU&)J&2JIXHO%\WDNLQJLQWRDFFRXQWWKH
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[\ [\[$WWDLQHG((', I $WWDLQHG((',       
7KH$WWDLQHG((',GHILQHGE\HTFRUUHVSRQGVWRWKHDYHUDJHVKLS&2HPLVVLRQVSHUKRXURIVKLS
RSHUDWLRQ,QWKLVFDVHLWLVQHFHVVDU\DOVRWRUHFDOFXODWHWKH5HTXLUHG((',DQGWKH5HIHUHQFH((',






































































7RGHILQH WKH((', UHIHUHQFHVXUIDFHDVD IXQFWLRQ RI VKLS VSHHGDQG RSHUDWLQJFRQGLWLRQ ILUVW WKH
((', UHIHUHQFH OLQH VKRXOG EH UHFDOFXODWHG LQ RUGHU WR FRQILUP WKHYDOLGLW\ RI WKH GDWDEDVH DQG WKH





7KH FXUUHQW DSSURDFK DFFRUGLQJ WR 0(3&  GHILQHV WKH 5HTXLUHG ((', EDVHG RQ WKH ((',
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7KHSDUDPHWHUVDDQGFDUHREWDLQHGIURPDUHJUHVVLRQDQDO\VLVXVLQJ WKH OHDVWVTXDUHPHWKRG)RU
EXONFDUULHUV WKHDGRSWHGYDOXHVDUH D DQG F  ,QRUGHU WRYDOLGDWH WKHXVHGGDWD
VHWWKH((',UHIHUHQFHOLQHFDOFXODWLRQLVUHSHDWHGWDNLQJLQWRDFFRXQWWKHJXLGHOLQHVRI0(3&
3URYLGHG WKDW WKHUH LVQRVLJQLILFDQWGHYLDWLRQEHWZHHQ WKHFDOFXODWHGDQG WKHDGRSWHGYDOXHVRI WKH
SDUDPHWHUVDDQGFLWFDQEHFRQFOXGHGWKDWWKHGDWDDQGWKHPHWKRGRORJ\XVHGDUHFRQVLVWHQWZLWK
WKHDGRSWHGRQHVE\0(3&$FFRUGLQJWR WKH0(3&JXLGHOLQHVDPHWKRGRORJ\DQGDVHWRIFULWHULD








































































 VKLSV ZKLFK PHHW FULWHULD OLVWHG LQ 7DEOH  )RU VRPH RI WKHVH VKLSV GDWD UHODWHG WR HQJLQH
SRZHUVSHHGDQGRUFDSDFLW\PLVVHVLQWKH:526GDWDEDVHWKHUHIRUHVKLSVZHUHH[FOXGHG7KXV
D WRWDORIEXONFDUULHUVDUHXVHG IRU WKH UHSHDWHGFDOFXODWLRQRI WKH((',UHIHUHQFH OLQH LQ WKLV
VWXG\:KHQREVHUYLQJ WKHSHULRGRI WKH ODVW \HDUVDVLJQLILFDQWO\JUHDWHUQXPEHURIVKLSVZHUH
GHOLYHUHG,QWRWDOWKHUHLVGDWDIRUEXONFDUULHUVLQWKH:526GDWDEDVHZKLFKPHHWWKHFULWHULD
VHW LQ 7DEOH  7R FDOFXODWH WKH ((', UHIHUHQFH OLQH WKH (VWLPDWHG ((', IRU HYHU\ VKLS KDV WR EH
FDOFXODWHG7KH(VWLPDWHG((',LVFDOFXODWHGXVLQJWKHIROORZLQJH[SUHVVLRQ
  Q0( 0(L $(L
UHI
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IURP WKH ((', UHIHUHQFH OLQH DUH GLVFDUGHG 7KH UHJUHVVLRQ LV WKHQ DSSOLHG DJDLQ WR JHQHUDWH
FRUUHFWHGYDOXHVRIWKHSDUDPHWHUVDDQGF
3URSRVHGDSSURDFK
,Q RUGHU WR LPSURYH WKH FXUUHQW DSSURDFK WKH XVDJH RI WKH YHVVHO GHVLJQ VSHHG DV DQ DGGLWLRQDO




  Q0([\ [\ 0(L [\ [\ $( [\L(VWLPDWHG((', 6)& 3 6)& 3     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QRW WDNHQ LQWR DFFRXQW FRQVLGHULQJ FRPELQDWLRQV RI PDLQ HQJLQH ORDG DQG DX[LOLDU\ HQJLQH
ORDG
 2QO\UHFRUGHGIXOOODGHQFRQGLWLRQV
 2QO\ DYHUDJH YDOXHV RI WKH(VWLPDWHG((', DUH FDOFXODWHG DQG SORWWHGDW WKHGHVLJQVSHHG
DQGIXOOFDSDFLW\RIWKHVKLS
)RUWKHFDVHZKHUHHYHU\VKLSRSHUDWLQJSRLQWLVUHFRUGHGDQGXVHGLQWKH(VWLPDWHG((',FDOFXODWLRQ
D GHILQLWLRQ RQ KRZ WR LQFOXGH WKH (VWLPDWHG ((', YDOXHV IRU VKLSV VDLOLQJ LQ EDOODVW FRQGLWLRQ
 &DSDFLW\ DQGIRUVKLSVVWD\LQJDWSRUW UHIY LVUHTXLUHG6KLSVLQSRUWKDYHVLJQLILFDQWO\ORZHU
SRZHU FRQVXPSWLRQ DV WKH PDLQHQJLQH GRHV QRW RSHUDWH KHQFH WKHLU (VWLPDWHG((', ZLOO DOVR EH
ORZHU FRPSDUHG WR IXOO ODGHQ DQG EDOODVW FRQGLWLRQV $V LQ WKH SRUW PRGH WKH VKLS VSHHG LV  WKH
YDOXHV RI WKH (VWLPDWHG ((', UHSUHVHQWLQJ WKH SRUW RSHUDWLRQ ZLOO OD\ LQ WKH SODQH FRUUHVSRQGLQJ
WR UHIY  DQG WKHLU DSSUR[LPDWLRQ FDQ EH HVVHQWLDOO\ IRUP D VLQJOH FXUYH VLPLODUO\ WR WKH FXUUHQW
DSSURDFK$VWKHEXONFDUULHUVKLSVVWD\ LQDYHUDJHDURXQGRI WKHLURSHUDWLQJWLPHLQSRUWV WKLV
PRGHFRQWULEXWLRQRQ&2HPLVVLRQVPXVWQRWEHQHJOHFWHG+RZHYHULWLVQRWUHDVRQDEOHWRLQFOXGH
WKHP LQ WKH VDPH ((', UHIHUHQFH VXUIDFH 7KHUHIRUH D VHSDUDWH VXUIDFH LV LQWURGXFHG KHUHLQ WR
HYDOXDWHWKHVKLSVHQHUJ\HIILFLHQF\LQSRUWV
6LPLODUO\ IRUVKLSVVDLOLQJ LQEDOODVWFRQGLWLRQ WKHLU(VWLPDWHG((',YDOXHVVKRXOGEHSORWWHGDJDLQVW
WKHFRUUHVSRQGLQJVKLSVSHHGDWWKH &DSDFLW\ 7KLVZLOODJDLQJHQHUDWHDKXJHQXPEHURISRLQWVLQ
WKH SODQH FRUUHVSRQGLQJ WR ]HUR FDSDFLW\ ZKLFK FDQQRW EH HDVLO\ DSSUR[LPDWHG DV ((', YDOXHV
GHSHQGRQ WKHVKLSVL]HELJJHUVKLSZLOOKDYHKLJKHU((',HYHQZKHQVDLOLQJ LQEDOODVW7KHUHIRUH
DQRWKHUUHIHUHQFHVXUIDFHLVSURSRVHGWREHLQWURGXFHGIRUHYDOXDWLQJVKLSVHQHUJ\HIILFLHQF\LQEDOODVW
FRQGLWLRQ)RUWKLVVXUIDFH LW LVDVVXPHGWKDWZKHQVDLOLQJ LQEDOODVWVKLSVFDQDFKLHYHKLJKHU
VSHHGIRUWKHVDPHHQJLQHORDG
,Q RUGHU WR GHWHUPLQH WKH ((', GHSHQGHQF\ RQ WKH VKLS VSHHG DQG FDSDFLW\ D QRQGLPHQVLRQDO
DQDO\VLVKDVWREHSHUIRUPHGE\FRQVLGHULQJWKHIROORZLQJUHODWLRQV
3 Y 6            



































































&RPELQLQJ HT   DQG  DVVXPLQJ WKDW WKH 6)& DQG &) DUH FRQVWDQW DQG QHJOHFWLQJ WKH
DX[LOLDU\HQJLQHSRZHURUDVVXPLQJLWV OLQHDUGHSHQGHQFHRQWKHPDLQHQJLQHSRZHU WKHIROORZLQJ
UHODWLRQFDQEHGHULYHG
  ((', 3 Y 6 Y ':7         
7KXV WKH IXQFWLRQ GHVFULELQJ WKH ((', UHIHUHQFH VXUIDFH WKDW LV GHSHQGHQW RQ WKHVKLS VSHHG DQG
FDSDFLW\FDQEHFRQVLGHUHGWREHGHVFULEHGE\WKHIROORZLQJHTXDWLRQ
E F((',UHIHUHQFHVXUIDFHYDOXH D ':7 Y G       
ZKHUHSDUDPHWHUVDEFDQGGDUHGHWHUPLQHGE\WKHUHJUHVVLRQDQDO\VLVDVGHVFULEHGLQWKHFXUUHQW
DSSURDFK $FFRUGLQJ WR HT  WKH H[SHFWHG YDOXHV RI WKH SDUDPHWHUV E DQG F DUH  DQG LV 
UHVSHFWLYHO\7KHYDOXHRI WKHSDUDPHWHUG VKRXOGEHSRVLWLYHDQGDFFRXQW IRU WKHDX[LOLDU\HQJLQHV
&2HPLVVLRQV




6LQFH WKHPHWKRGRORJ\ WR FDOFXODWH WKHVWDQGDUGGHYLDWLRQ 6' DQG WKHFRHIILFLHQWRIGHWHUPLQDWLRQ
5 IRU WKH ((', UHIHUHQFH OLQH SUHVFULEHG E\ 0(3&  LV QRW SUHVHQWHG LQ DQ\ RI WKH 0(3&
GRFXPHQWV WR WKHDXWKRUVNQRZOHGJH WKH IROORZLQJPHWKRGRORJ\ KDVEHHQDGRSWHG7KHVWDQGDUG






\ I [6' Q          











































































I [6' Q          
,Q WKHFDVHZKHUH WKH6' LVGHILQHG DVDQ DQG KDV WKHVDPHXQLW DV WKH((', LW
UHSUHVHQWV WKH DEVROXWH GHYLDWLRQ IURP WKH SURSRVHG ((', UHIHUHQFH OLQH ,Q WKH FXUUHQW DSSURDFK
DGRSWHGE\0(3& WKH((',GHSHQGVRQVKLSVL]H LQVSHFLILF WKH((', LVKLJKHU IRUVPDOOHUVKLSV




WKHLU (VWLPDWHG ((', GHYLDWLQJ E\ D FHUWDLQ SHUFHQW IURP WKH UHIHUHQFH YDOXH DUH GLVFDUGHG 7KLV























  5 ODZ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  5 DYHUDJHFRUUHODWLRQ
  5 ORZFRUUHODWLRQ
  5 QRFRUUHODWLRQ
7KHVHUDQJHVDUHQRWVWULFWO\GHILQHGEXW WKH\ LQGLFDWHKRZDSSURSULDWHWKHFRUUHODWHG IXQFWLRQ LV,Q
VRPHFDVHVLWPLJKWHYHQEHSRVVLEOHIRUWKHFRHIILFLHQWRIGHWHUPLQDWLRQWRKDYHDQHJDWLYHYDOXHLI













LQ WKH XSGDWHG FDOFXODWLRQ
XVLQJ VKLSV GHOLYHUHG LQ WKH ODVW  \HDUV 7KH D 6' ZDV IRXQG WR EH
J&2WQPZKHUHDVWKH FDOFXODWHGDV:KHQXVLQJWKH
6'DSSURDFKVKLSVKDYLQJWKH(VWLPDWHG((',GHYLDWLQJE\PRUHWKDQJ&2WQPIURPWKH
((', UHIHUHQFH OLQH YDOXH ZHUH RPLWWHG IURP WKH ((', OLQH FDOFXODWLRQ 7KH ELJJHVW RI WKHP KDG D
GHDGZHLJKWRIWPHDQLQJWKDWWKLVDSSURDFKGLVFDUGVVPDOOHUVKLSV:KHQXVLQJWKH
6' DSSURDFK  VKLSV KDYLQJ WKH (VWLPDWHG ((', GHYLDWLQJ E\ PRUH WKDQ  IURP WKH ((',

















































































)URP WKH YDOXHV RI WKH FRHIILFLHQW RI GHWHUPLQDWLRQ SUHVHQWHG LQ WKH SUHYLRXV VHFWLRQ LW FDQ EH
FRQFOXGHGWKDWWKHSURSRVHGDSSURDFKUHSUHVHQWVWKHHQHUJ\HIILFLHQF\RIWKHFXUUHQWEXONFDUULHUIOHHW
EHWWHU WKDQWKHFXUUHQW0(3&RQH7KHUHDUHVHYHUDOUHDVRQVIRUWKDW7KHFXUUHQWO\XVHGDSSURDFK
DVSRLQWHGRXW LQ WKH LQWURGXFWLRQREVHUYHVRQO\RQH VKLSRSHUDWLQJFRQGLWLRQ ODGHQDQGRQO\RQH
HQJLQHORDGFRQGLWLRQRIHQJLQH0&5SRLQW%\FRQVLGHULQJWKHHQWLUHVKLSRSHUDWLRQDOSURILOHLW
FDQEH LQIHUUHG WKDW WKHRSHUDWLQJFRQGLWLRQVXVHGE\ WKHFXUUHQW((', IRUPXOD LVDFKLHYHG IRURQO\
DSSUR[LPDWHO\ RI WKHVKLSRSHUDWLQJ WLPH ,W KDV WREHHPSKDVL]HGDJDLQ WKDWHYHQ WKRXJK WKH
((',LVGHWHUPLQHGIRUWKHVKLSGHVLJQFRQGLWLRQWKDWGHVLJQFRQGLWLRQRQO\UHIOHFWVDQGLVGHWHUPLQHG
E\ WKH H[SHFWHG RSHUDWLRQDO FRQGLWLRQV RI D VKLS 7KLV SDUWLFXODUO\ UHIHUV WR DOWHUQDWLYH VKLS SRZHU
V\VWHPVOLNHLQWHJUDWHGHOHFWULFRUK\EULGSRZHUV\VWHPVZKLFKPDLQFKDUDFWHULVWLFLVWKHFHQWUDOL]HG
SURGXFWLRQ RI WKH VKLS SURSXOVLRQ DQG HOHFWULFDO SRZHU 6XFK FRQILJXUDWLRQV KDYH WKH IROORZLQJ WZR
PDLQ IHDWXUHV ORZHU HQHUJ\ HIILFLHQF\ LQ RQH RSHUDWLQJ SRLQW EHFDXVH RI WKH KLJKHU HQHUJ\
FRQYHUVLRQ ORVVHVEXWKLJKHUHQHUJ\HIILFLHQF\RYHU WKHHQWLUHRSHUDWLQJSURILOHDVRQO\WKHUHTXLUHG
JHQHUDWRU VHWV RSHUDWH ZLWK KLJKHU HIILFLHQF\ FRPSDUHG WR WKH HIILFLHQF\ WKDW FDQ EH REWDLQHG E\ D






































































UHDO VKLS RSHUDWLRQ DQG KHQFH SURYLGHV HQKDQFHG FUHGLELOLW\ IRU HYDOXDWLQJ WKH DFWXDO VKLS HQHUJ\
HIILFLHQF\
%\ LQFOXGLQJ WKH FRUUHFWLRQ IDFWRU IRU ZHDWKHU FRQGLWLRQV IZ LQ HT  ((', HVVHQWLDOO\ EHFRPHV
((',ZHDWKHU DQG FDQ PRUH HIIHFWLYHO\ UHSUHVHQW WKH VKLS UHDO RSHUDWLQJ FRQGLWLRQV 7KH IZ ZDV
LQWURGXFHG LQ WKH ((', IRUPXOD IURP WKH EHJLQQLQJ RI WKH ((', GHYHORSPHQW 0(3&  ZLWK D
UHPDUNWKDWVHSDUDWHJXLGHOLQHVZLOOEHSURYLGHGIRULWVFDOFXODWLRQ7KHUHZHUHVHYHUDODWWHPSWVZLWKLQ
0(3&DQGE\UHVHDUFKHUV%¡FNPDQQHW6WHHQWRGHYHORSWKHVHJXLGHOLQHVLQRUGHUWRGHILQH
IZ HLWKHU JOREDOO\ RU IRU VRPH VSHFLILF UHJLRQ EXW LW LV VWLOO QRW FOHDU ZKLFK DSSURDFK LV WKH PRVW
DSSURSULDWHRQH+RZHYHUWKHSURSRVHGDSSURDFKFRQVLGHUVWKHPDLQHQJLQHRSHUDWLQJSURILOHZKLFK





E\ WKH VKLS VL]H ,Q WKLV UHVSHFW WKH PDMRULW\ RI VKLSV ZLWK ORZHU GHVLJQ VSHHG VDWLVI\ WKH ((',
UHTXLUHPHQW HYHQ WKRXJK WKH\ GR QRW KDYH DQ\ IHDWXUHV RU WHFKQRORJLHV WKDW ZRXOG VLJQLILFDQWO\
LQFUHDVHWKHLUHQHUJ\HIILFLHQF\7KLVPHDQVWKDWE\XVLQJWKHVKLSGHVLJQVSHHGUHGXFWLRQHYHU\VKLS
FDQHDVLO\VDWLVI\ WKH((',UHTXLUHPHQW7KLVFDQ UHVXOW LQ WKH*+*HPLVVLRQUHGXFWLRQEXWZLOOQRW
OHDGWRVLJQLILFDQWLPSURYHPHQWVWRHQHUJ\HIILFLHQF\DQGLPSOHPHQWDWLRQRILQQRYDWLYHHQHUJ\HIILFLHQW
WHFKQRORJLHV DV SURFODLPHG E\ WKH 0(3&  2Q WKH FRQWUDU\ WKLV FDQ SRWHQWLDOO\ OHDG WR VKLS
XQGHUSRZHULQJ ZKLFK PD\ KDYH DV D FRQVHTXHQFH WKH VDIHW\ VWDWXV GHWHULRUDWLRQ IRU VKLSV LQ
RSHUDWLRQ ZKLFK LQ WXUQ PD\ UHVXOW LQ HFRORJLFDO GLVDVWHUV FDXVHG E\ VKLSV FROOLGLQJ RU JURXQGLQJ
XQGHU KHDY\ VHDV FRQGLWLRQV :LWK WKH LPSOHPHQWDWLRQ RI QHZ WHFKQRORJLHV RU DGYDQFHG SRZHU
FRQILJXUDWLRQVERWKWKHVKLSVDIHW\DQGLWVHQYLURQPHQWDOFKDUDFWHULVWLFVFDQEHLPSURYHG
7KHDSSURDFKSURSRVHGKHUHLQGHILQHVWKH((',UHIHUHQFHVXUIDFHDVDIXQFWLRQRIVKLSFDSDFLW\DQG



































































GHVLJQ VSHHG WKHUH DUH VKLSV ZLWK WKH (VWLPDWHG ((', YDOXH ERWK DERYH DQG EHORZ WKH ((',
UHIHUHQFHVXUIDFH,WFDQEHFRQFOXGHGWKDWWKHSURSRVHGDSSURDFKPDNHVDWUXHGLVWLQFWLRQEHWZHHQ
PRUH DQG OHVV HQHUJ\ HIILFLHQW VKLSV ZKLOVW WKH FXUUHQW 0(3& DSSURDFK UDWKHUPDNHV DGLVWLQFWLRQ
EHWZHHQIDVWHUDQGVORZHUVKLSV
$QRWKHUGLIIHUHQFHEHWZHHQWKHFXUUHQWDQGWKHSURSRVHGDSSURDFKHVLVWKDWWKH((',LQWKHSURSRVHG
DSSURDFK LV GHILQHG LQ J &2K DQG QRW LQ J&2WQP 7KLV RI FRXUVH LPSOLHV WKDW DFFRUGLQJ WKH
SURSRVHG DSSURDFK ELJJHU DQG IDVWHU VKLSV ZLOO KDYH KLJKHU ((', +RZHYHU WKLV GRHV QRW SRVH D
SUREOHPVLQFHWKHUHIHUHQFH((',LVDIXQFWLRQRIVKLSVFDSDFLW\DQGVSHHGVRIRUELJJHUDQGIDVWHU




KROLVWLFHVWLPDWLRQRIVKLSVHQHUJ\HIILFLHQF\ ,WPXVWEHSRLQWHGRXW WKDW WKHYHVVHOGHVLJQVSHHG LV
FRQVLGHUHGLQWKHFXUUHQWDSSURDFKDVWKHUHTXLUHG((',VXUIDFHLVDIXQFWLRQRIWKHVKLSFDSDFLW\DQG
GHVLJQVSHHG7KXVWKHLQLWLDO((',WRROLQWHQWLRQLHWKHOLPLWDWLRQRI&2HPLVVLRQVSHUWUDQVSRUWHG
FDUJR DQG VDLOHG GLVWDQFH LV HIIHFWLYHO\ VDWLVILHG E\ FRQVLGHULQJ WKH SURSRVHG DSSURDFK ZKLOVW WKH
FXUUHQW 0(3& DSSURDFK IDLOV WR GR VR DV PDQ\ RI WKH QHZEXLOW VKLSV DOUHDG\ VDWLVI\ WKH ((',
UHTXLUHPHQWV ,Q DGGLWLRQ DV WKH RSHUDWLQJ VSHHG LV D SDUDPHWHU WKDW FDQQRW EH GHWHUPLQHG LQ WKH
GHVLJQSKDVH WKHGHVLJQVSHHG LVRQO\GHWHUPLQHGVORZVWHDPLQJRURWKHURSHUDWLQJSUDFWLFHVDUH
QRWDFFRXQWHGLQWKHFXUUHQW0(3&DSSURDFK7KHSURSRVHGDSSURDFKDGGUHVVHVWKLVLVVXHE\XVLQJ
UHIHUHQFH RU UHSUHVHQWDWLYH RSHUDWLQJ SURILOHV ZKLFK FDQ EH XVHG IRU FRPSDULQJ WKH VKLS HQHUJ\
HIILFLHQF\GXULQJWKHVKLSGHVLJQSKDVHDQGEHQFKPDUNLQJWKHYDULRXVGHVLJQDOWHUQDWLYHV
$V VWDWHG LQ WKH LQWURGXFWLRQ WKH UHTXLUHPHQW IRU HYHU\ QHZEXLOW VKLS WR REWDLQ WKH ,QWHUQDWLRQDO
(QHUJ\(IILFLHQF\&HUWLILFDWH,((&HUWLILFDWH LVEDVHGRQWKHFRQVWUDLQW WKDWWKH$WWDLQHG((',GRHV
QRW H[FHHG WKH 5HTXLUHG ((', 6XFK VWULFW SDVVIDLO DSSURDFK PLJKW EH FRQYHQLHQW IRU WKH
$GPLQLVWUDWLRQ PHPEHU VWDWHV RI 0$532/ RU FODVVLILFDWLRQ VRFLHWLHV EXW KDV WKH GUDZEDFN WKDW LW
GRHV QRW GLIIHUHQWLDWH VKLSV WKDW DUH VLJQLILFDQWO\ EHWWHU WKDQ WKH PLQLPXP UHTXLUHPHQW IURP WKRVH






































































HQHUJ\HIILFLHQW WHFKQRORJLHV7KLVZDVGRQH E\PRGLI\LQJ WKH$WWDLQHG((', FDOFXODWLRQ LQRUGHU WR
LQFOXGHPXOWLSOHRSHUDWLQJSRLQWVDWGLIIHUHQWHQJLQHORDGVDQGDWGLIIHUHQWVKLSRSHUDWLQJFRQGLWLRQV




HQHUJ\ HIILFLHQW WHFKQRORJLHV +RZHYHU WKH ((', UHTXLUHPHQW FDQ EH HDVLO\ VDWLVILHG VLPSO\ E\ WKH
VKLS GHVLJQ VSHHG UHGXFWLRQ 7KH VSHHG UHGXFWLRQ LQFUHDVHV WKH ULVN RI VKLS XQGHUSRZHULQJ DQG
UHGXFHV WKHUROHRI LQQRYDWLYHHQHUJ\HIILFLHQW WHFKQRORJLHV ,Q WKHSURSRVHGDSSURDFKGHYHORSHG LQ
WKH SUHVHQW VWXG\ SRVVLEOH ULVNV RI VKLS XQGHUSRZHULQJ GXH WR WKH ((', UHTXLUHPHQW DUH JUHDWO\
UHGXFHGVLQFHVKLSVFDQQRWVDWLVI\WKHUHTXLUHPHQWVLPSO\E\UHGXFLQJWKHGHVLJQVSHHG$VDUHVXOW
DOWHUQDWLYHPHWKRGVWRLQFUHDVHVKLSHQHUJ\HIILFLHQF\ZLOOEHUHTXLUHGWREHFRQVLGHUHGGXULQJWKHVKLS









7KLV UHVHDUFK ZDV VXSSRUWHG E\ WKH (XURSHDQ 6RFLDO )XQG DQG WKH &URDWLDQ 0LQLVWU\ RI 6FLHQFH






































































$QFLF ,6HVWDQ$9ODGLPLU1.OLVDULF9 ,QIOXHQFHRIQHZSRZHUVRXUFHVRQ WKH$WWDLQHG
((',3URFHHGLQJVRIWKH,QWHUQDWLRQDO&RQIHUHQFHRQ,QIOXHQFHRI((',RQ6KLS'HVLJQ/RQGRQ8.

%DOGL ) 7KHRWRNDWRV * $QGHUVVRQ .  'HYHORSPHQW RI D FRPELQHG PHDQ YDOXH ]HUR
GLPHQVLRQDO PRGHO DQG DSSOLFDWLRQ IRU D ODUJH PDULQH IRXUVWURNH 'LHVHO HQJLQH VLPXODWLRQ $SSOLHG
(QHUJ\














(NDQHP $WWDK ( %XFNQDOO 5  $Q DQDO\VLV RI WKH HQHUJ\ HIILFLHQF\ RI /1* VKLSV SRZHULQJ
RSWLRQVXVLQJWKH((',2FHDQ(QJLQHHULQJ



































































.LP -+ &KRL -( &KRL %- &KXQJ 6+  7ZLVWHG UXGGHU IRU UHGXFLQJ IXHORLO
FRQVXPSWLRQ,QW-1DY$UFKLW2FHDQ(QJ
/LYDQRV *$ 7KHRWRNDWRV * 3DJRQLV '1  7HFKQRHFRQRPLF LQYHVWLJDWLRQ RI DOWHUQDWLYH
SURSXOVLRQSODQWVIRU)HUULHVDQG5R5RVKLSV(QHUJ\&RQYHUVLRQDQG0DQDJHPHQW




0(3& D $PHQGPHQWV WR WKH $QQH[ RI WKH 3URWRFRO RI  WR $PHQG WKH ,QWHUQDWLRQDO
&RQYHQWLRQ IRU WKH3UHYHQWLRQRI3ROOXWLRQ IURP6KLSVDV0RGLILHGE\ WKH3URWRFRORI5HODWLQJ
7KHUHWR5HVROXWLRQ0(3&/RQGRQ8.
0(3&  $PHQGPHQWV WR WKH 7HFKQLFDO &RGH RQ &RQWURO RI (PLVVLRQ RI 1LWURJHQ 2[LHV IURP
0DULQH'LHVHO(QJLQHV5HVROXWLRQ0(3&/RQGRQ8.









WUDQVSRUW VHFWRU 0DUNHWEDVHG PHDVXUHV DQG WHFKQRORJLFDO RSWLRQV IRU JOREDO DQG UHJLRQDO SROLF\
DFWLRQV(QHUJ\3ROLF\











































































































































8QLYHUVLW\ RI =DJUHE )DFXOW\ RI 0HFKDQLFDO (QJLQHHULQJ DQG 1DYDO $UFKLWHFWXUH
=DJUHE&URDWLDLYLFDDQFLF#IVEKU










SRLQW ,Q DGGLWLRQ WKH ((', GRHV QRW HIIHFWLYHO\ DVVHVV D UHDOLVWLF LPSURYHPHQW RI PHDVXUHV IRU
LQFUHDVLQJ WKH VKLS RSHUDWLQJ HQHUJ\ HIILFLHQF\ DV WKH\ FDQ EH TXLWH HIIHFWLYH LQ WKH FRQVLGHUHG
RSHUDWLQJSRLQW IRU WKH((',EXW WKHLUSHUIRUPDQFHJUHDWO\YDULHV LQ WKH UHDORSHUDWLQJFRQGLWLRQV ,Q
WKLV VWXG\ D PRUH UHDOLVWLF GHILQLWLRQ RI WKH ((', LV SURSRVHG ZKLFK LV EDVHG RQ D QXPEHU RI
UHSUHVHQWDWLYH YHVVHO RSHUDWLQJ SRLQWV ,Q WKLV UHVSHFW RQH RI WKH PDLQ IODZV RI WKH ((', FDQ EH
DYRLGHGFRQYHUWLQJWKH((',LQDQLQGH[UHSUHVHQWLQJWKHDFWXDOVKLSRSHUDWLRQ7KHDSSOLFDWLRQRIWKH
SURSRVHGDSSURDFKIRUWKHFDVHRIEXONFDUULHUVLVLQYHVWLJDWHGDQGWKHUHVXOWVDUHGLVFXVVHGLQRUGHU



























































































 0&5 0&5 0&5 0&5
12[WHFKQLFDOFRGH(F\FOH
0(3&
   
%DQNVHWDOLQ    
%DQNVHWDOLQ    





7RWDO /DGHQ %DOODVW ,QSRUW
 [OI  [EI  [SI 
  \I   OI   EI   SI 
  \I   OI   EI   SI 
  \I   OI   EI   SI 
  \I   OI   EI   SI 


















(QJLQHW\SHORDG 0&5 0&5 0&5 0&5
6ORZVSHHGUSP    
0HGLXPVSHHG1
USP
   




















D      
F      

























D    
E    
F    
G            
5    
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